Severe injection site reactions after subcutaneous administration of Sayana 
Summary

PURPOSE: Sayana
® was introduced as the first depot medroxyprogesterone acetate-containing contraceptive that is administered via subcutaneous injection. Within 10 months, the Regional Pharmacovigilance Centre (RPVC) Zurich received several anonymous reports of serious local reactions after Sayana ® administration. In this retrospective study, individual case safety reports (ICSRs) on local adverse drug reactions (ADRs) related to Sayana ® were analysed from the WHO pharmacovigilance database.
METHODS: International, national and regional ICSRs during Sayana ® administration up to 1 January 2016 were examined. Data on ADRs were retrieved from the WHO Global Database VigiBase™. Demographic data, drug administration information, duration of Sayana ® treatment, latency time of the ADR, and its course, severity and outcomes were analysed.
RESULTS: Worldwide, 398 ICSRs after Sayana ® use were registered in the database. We identified 20 reported terms that were potentially used to describe a persistent lipodystrophy. When only cases containing one or more of these 20 reported terms were selected, 323 (81.2%) international ICSRs remained for analysis. Of those, 91.6% (n = 296) were categorised as serious. The majority of the reactions (n = 193, 54.4%) did not recover. In the 67 Swiss ICSRs, 77 ADRs were reported using 10 different terms including severe or persistent local reactions like lipodystrophy, atrophy or fat necrosis. Thirtytwo patients (47.7%) did not recover. All 11 regional cases reported to the RPVC Zurich were categorised as serious ADRs. For the majority of the patients (n = 7, 63.6%) the interval between the application of Sayana ® and development of the lipodystrophy was between 2 and 4 months. Most of the reactions were irreversible (n = 9, 81.8%). One patient underwent plastic surgery for artificial infill of the dent.
CONCLUSIONS: Persistent local injection site reactions such as lipodystrophy, fat tissue necrosis or atrophy occur frequently after subcutaneous Sayana® use. These adverse drug reactions were recently integrated in the Swiss product information. Physicians and patients should be informed and advised about these potentially irreversible effects.
Introduction
Depot medroxyprogesterone acetate (DMPA) injections have been effectively used for hormonal contraception for many years. The active ingredient inhibits the hypothalamus-hypophysis-gonad axis and therefore prevents ovulation and follicular maturation [1, 2] . It is considered a safe method of parenteral contraception [3] . In the past, DMPA was given as an intramuscular injection and administered by health professionals only. The introduction of Sayana ® to the Swiss market on 5 April 2012 [4] provided a micronised DMPA formulation allowing subcutaneous injection (DMPA-SC). After administration, its contraceptive effect lasts for 3 months. It is dispensed in a prefilled syringe with a DMPA concentration of 104 mg in 0.65 ml, allowing self-administration by the patient into the subcutis of the thigh or abdominal wall. In clinical trials, injection site reactions were reported as frequent adverse drug reactions (ADRs) [5, 6] . Within 10 months, the Regional Pharmacovigilance Centre (RPVC) Zurich received 11 reports of severe and persistent injection site reactions, after administration of subcutaneous Sayana ® . Therefore, we analysed data on international and Swiss spontaneous pharmacovigilance reports in the World Health Organization (WHO) pharmacovigilance database Vigibase™.
Methods
Study design
This retrospective descriptive study was based on selected individual case safety reports (ICSRs) from the WHO global database VigiBase™ and a subgroup analysis of Swiss ICSRs. For more detailed data, we analysed the case series of 11 reports of ADRs issued to the RPVC of Zurich in 2014 and 2015.
VigiBase™ data
VigiBase™ was established in 1968 within the WHO Programme for International Drug Monitoring and is run by the Uppsala Monitoring Centre in Sweden [7] . In January 2016 it contained more than 12.3 million ICSRs from 125 participating countries. An ICSR is an anonymised report for a single individual who suffered from one or more adverse events that may be linked to the use of one or more drugs. Since VigiBase™ is a register database, the international ICSRs contain neither narrative nor clinical or laboratory data. All ADRs are coded according to the reported term as well as to the WHO Adverse Reaction Terminology (WHO-ART) and the Medical Dictionary for Regulatory Activities (MedDRA). In order to receive information most closely related to the actual adverse event, original reported terms were used for our analysis. We received the coded data elements of all international Sayana ® -associated ICSRs from the WHO global database VigiBase™ as a Microsoft Excel file via VigiLyze™. The case selection process is illustrated in figure 1 . All reported terms were discussed independently by two pharmacists and one clinical pharmacologist, to determine if they could be used to describe a persistent injection site reaction, comparable to those reported to the RPVC Zurich. Twenty reported terms were regarded as relevant and the corresponding ICSRs were selected for further study. From the selected ICSRs, a subgroup containing only ICSRs from Switzerland was formed. Both data sets were analysed for demographic data such as age at ADR onset and gender, completeness, reported ADR, outcome, concomitant drugs, seriousness and seriousness criteria. The adverse reactions were classified as "severe" owing to the persistence of the condition of lipodystrophy and tissue damage.
Regional data
In Switzerland, ADRs are reported by both healthcare professionals and consumers to one of six RPVCs. These centres perform a causality assessment according to WHO/CIOMS (Council for International Organizations of Medical Sciences) criteria and forward the reports to the Swissmedic National Pharmacovigilance Centre. To categorise the causality between drug exposure and ADR as "certain", the following criteria must be fulfilled: plausible time relationship to drug intake, plausible response to withdrawal, no alternative explanation by disease or other drugs and a positive rechallenge. A rechallenge is considered positive if the patients show the same ADR after exposure to the suspected drug for a second time. Adverse reactions filed by the pharmaceutical industry are reported directly to Swissmedic. The National Pharmacovigilance Centre collaborates with the International Centre for Drug Safety run by the WHO in Uppsala, Sweden [8] . Between June 2014 and April 2015, the RPVC Zurich received 11 reports of injection site lipodystrophy after subcutaneous Sayana ® injection. In order to obtain complete case reports, as well as supplementary information and up-to-date follow-up information, the reporting physicians were contacted by the investigators. Data were analysed for age, indication and first-line therapy, previous contraception, the person using the prefilled syringe, the number of applications until the ADR onset, number of applications in total, the localisation and extent of persistent local reactions, rechallenge, latency time, treatment of ADR, outcome and causality assessments. 
Statistical analysis
We performed descriptive analysis using Microsoft Office Excel (2010) and SPSS for Windows software (version 22). For variables with normally distributed numeric values, the arithmetic mean and standard deviation were calculated. For variables without normally distributed values, median and range were determined.
Results
In the global database from the WHO VigiBase™ we identified 398 ICSRs for Sayana ® up to 1 January 2016. A total of 620 ADRs were reported and 174 different reported terms were used. After excluding all cases not likely to be related to a persistent local reaction, 20 reported terms corresponding to 323 (81.2%) ICSRs remained for analysis. All selected reported terms are listed together with their frequency and the outcome of the reaction in table 1. A total of 355 reported terms were used. The most frequently reported term was "injection site reaction" (n = 249, 70.1%) without further specification, followed by "injection site atrophy" (n = 29, 8.2%) and "injection site fat necrosis" (n = 15, 4.2%). The majority of the reactions (n = 193, 54.4%) did not recover; for 134 reactions (37.7%) the outcome was not reported. Of the 355 reported terms, only 1 (0.3%) was described as "recovered". The selected 323 ICSRs were analysed for completeness, sex, age at onset, monotherapy and seriousness criteria (table 2) . A total of 321 (99.4%) patients were female. The median age was 34 years (range 6-53 years). The average completeness score of the ICSRs was 0.35 (range 0.11-1). For most patients (n = 313, 96.9%), Sayana ® was the only reported drug; the most frequently used concomitant drug was levothyroxine (n = 5, 1.5%). However, none of the concomitant drugs were administered subcutaneously. Overall, 91.6% (n = 296) of the cases related to local reactions were categorised as serious (only 8.1% were categorised as nonserious). The seriousness criteria were "caused/prolonged hospitalisation, other" (n = 2, 0.6%), "disabling/incapacitating" (n = 9, 2.8%) and "disabling/incapacitating, other" (n = 7, 2.2%). For the majority of the cases, reasons for the classification as serious was not further detailed ("other" [n = 278, 86.1%]). Figure 2 shows the countries of origin of the reports, stratified by the reporter's qualification. Most reports were from Austria (n = 137, 42.4%), followed by Switzerland (n = 67, 20.7%) and Germany (n = 58, 18.0%). In total, 80.1% of the reports came from German-speaking countries. In the vast majority of ICSRs, physicians were involved in the reporting (88.2%), either as the only reporter or in combination with others. Only 7.1% were reported by other healthcare professionals and 2.8% by consumer/non-healthcare professionals.
In the selected 67 Swiss ICSRs, 77 ADRs were reported using 10 different terms including persistent local reactions such as lipodystrophy, atrophy or fat necrosis. The majority (n = 64, 95.5%) of the cases were categorised as serious. Only one patient recovered, 32 did not recover and for 40 ADRs the outcome was not reported. In these cases, the completeness score was lower than the international average (0.28, range 0.11-1). The median age was the same as in the international data (34 years, range 18-53 years). In all Swiss cases, Sayana ® was administered as monotherapy.
The 11 cases were reported to the RPVC Zurich by six different physicians. The mean completeness score of regional ICSRs was higher at 0.90 (range 0.32-1.00). All patients were female and aged between 24 and 50 years (median 33 years). For 10 out of 11 patients, the indication for the use of Sayana ® was contraception. Information on the patients' weight was available for two cases, with both patients being normal weight. For all patients, the previous method of contraception could be evaluated: five had received another progestin-only depot contraceptive, which was injected intramuscularly every 3 months, another five patients took oral contraceptives and one used a hormonal contraceptive for vaginal administration. For three patients, Sayana ® injections were administered by their physician, one patient performed the injections herself, and for seven patients the injections were given by medical practice assistants. In 4 of the 11 cases (36.4%), the lipodystrophy was already observed after the first injection of Sayana ® ; another 5 patients had two injections before the ADR was noticed. The latency between the injection of Sayana ® and the development of lipodystrophy at the injection site ranged from several days up to 5 months. For the majority of the patients (n = 8, 72.7%) the latency was 2-4 months. At least seven patients received an additional injection after the local ADR. For one patient the "dents" on the thighs were noticed, but not linked to the drug administration. According to causality assessments by the RPVC, the causality was "certain" in six cases; for the other five cases the causality was "probable". In seven cases, rechallenge was positive. The site of administration was changed from the thigh to the abdominal wall in three cases; for the other four patients the location was changed on the thighs. In two patients the change of the injection sites from the thigh to the abdominal wall led to a negative rechallenge. Two patients, who had no difficulties with previous injections, developed lipodystrophies after the second and the third application, respectively. Longitudinal data with follow-up of up to 17 months after the initial report showed in 10 of the 11 cases no amelioration, but persistence of the local reaction. In one patient the "dent" was observable through her clothes. Another patient underwent plastic surgery for artificial infill of the affected area. The result of the injection of autologous fat was reported to be "satisfactory".
Discussion
In this retrospective study both international and Swiss pharmacovigilance data regarding severe injection site "dents" due to subcutaneous Sayana ® administration were analysed. Additional qualitative aspects, such as latency time and follow-up information, were provided by exploring the 11 regional cases of persistent injection site fat tissue destruction. "Injection site reaction" is a very nonspecific expression often used as an umbrella term for the encoding of local ADRs. It covers a wide range of reactions: both severe cases of fat tissue destruction and also mild, transient conditions such as skin redness, administration site pain, itchiness or swelling. The latter reactions are very well documented and frequently reported for locally administered drugs. Terms that may cover severe tissue destruction, such as atrophy or necrosis, have been extracted from the reported terms. Since Sayana ® is the only subcutaneously administered DMPA preparation in Switzerland, we did not include other DMPA formulations used in other countries into our analyses. In 313 patients Sayana ® was administered as monotherapy. All patients with comedications received Sayana ® as the only subcutaneously administered drug. Hence, the injection site reactions cannot be imputed to the comedication. Injection site reactions have been reported to be one of the most common reasons for discontinuation of therapy with DMPA-SC in the United States [9] . In two open-label phase III trials, Jain et al. assessed the safety of DMPA-SC (104 mg / 0.65 ml) for a period of 1 year. Nonallergic injection site reactions were reported in 1.6% of women taking part in the European/Asian trial and in 9.7% of the women in the American trial. The most common injection site reactions were described as injection site pain, granuloma or atrophy and were reported to be mild in intensity for most of the cases [10] . In a prospective case series, 11 of 50 patients (22%) experienced injection site reactions, with 3 patients (6%) developing a "dent" or "dimple" [6] . However, in these studies further information regarding reversibility or persistency of the reactions were not available. According to Prabhakaran et al., further observation regarding the lasting effects of the granulomas and atrophies was needed [6] . Out of our selected subset of 323 ICSRs, 296 ICSRs (91.6%) were classified as "serious". Also, all 11 regional ICSRs were classified as serious owing to persistent localised atrophy, fat tissue necrosis or lipodystrophy. In 10 of the 11 regional cases the condition had been present for almost a year and therefore seems to be irreversible. In one patient, the affected area could even be seen through clothes. Another patient underwent plastic surgery to replace necrotic tissue. This action illustrates the severity of the situation for the affected patients. Consequently, this aspect was also emphasised by the primary reporters of these ADRs. Since the mean latency time between exposure (subcutaneous injection) and detection of the dent was found to be between 2 and 4 months, in some patients the tissue atrophy was initially not linked to the drug injection. Therefore, some women received another injection after the event. The reasons for the occurrence of lipodystrophy after Sayana ® injections remain speculative. In none of the cases was a histological examination performed. For the intramuscular administration of Depo-Provera ® only injection site swelling and skin colour changes at the administration site are labelled as ADRs in the Swiss product information [11] . Injection site reactions occurred in 8% of the participants who used DMPA-SC in contrast to only 0.4% for the DMPA-IM users in a randomized clinical study carried out by Kaunitz et al. [12] . Dorai et al. have shown in in-vitro studies that synthetic progestins such as medroxyprogesterone acetate show direct lipolytic activity on adipocytes [13] . Since adipocytes are abundant in the subcutaneous tissue, in contrast to the muscular tissue, a possible lipolytic effect cannot be ruled out [5] . Overweight or underweight as potential risk factors could not be analysed, since information regarding the patients' body mass index was not available in most cases. The intramuscular formulation of DMPA contains 150 mg / 1ml versus 104 mg / 0.65 ml for the subcutaneous preparation [11] . This results in an overall lower dose, but a higher concentration for the subcutaneous compared with the intramuscular preparation. Aside from having the same active ingredient, there are slight differences in the composition of the excipients in the intramuscular and subcutaneous formulations. In addition to macrogol 3350, polysorbate 80, sodium chloride and water for injection, the subcutaneous preparation contains a sodium-phosphate-buffer. The amino acid methionine and povidone are additional ingredients [2, 11] . Both formulations contain propylparahydroxybenzoate (E216) and methylparahydroxybenzoate (E218) as preserving agents, with a slightly higher concentration of the latter in the subcutaneous preparation (1.6 mg/ml vs 1.35 mg/ml for E218; 0.154 mg/ml vs 0.15 mg/ml for E216) [2, 11] . In a pilot study on self-administration of subcutaneous DMPA for contraception, 19 of 64 women (29.6%) were reported to have experienced difficulties in connection with the injection process [5] . All patients had received injection training before they performed the self-administration. Atrophy, induration and scarring were described in five patients. These conditions occurred most commonly after the second injection. Follow-up until the end of the study showed that one reaction had resolved, two were reported to be almost resolved, another two as ongoing. One case was lost to follow-up [5] . In the study of Prabhakaran et al. 12 of 50 patients (24%) experienced plunger resistance during their initial self-injection and in 17% of all injections device or plunger issues were reported [6] . This might indicate that, even with previous training, the administration process may be challenging for some women. In the regional case series, only one patient performed a self-injection and 10 received the injection either from a medical practice assistant or from their physician. Therefore, self-administration by laypeople might play only a minor role as a risk factor for these irreversible injection site reactions. Since most administrations were performed by medical professionals, insufficient disinfection of the administration site or contamination of the needle are possible, but unlikely. No injection site infection or quality issues regarding the product have been reported for the regional cases. The Swiss product information of Sayana ® now labels injection site reactions, including persistent atrophy or lipodystrophy such as the occurrence of dents, nodules or dimples, as common adverse reactions [2] . Although injection site atrophy and the development of a "dent" or "dimple" has been observed in trials with subcutaneous DMPA [5, 6] , to our knowledge, no post-marketing cases have been published so far. A commonly described limitation in pharmacovigilance is the underreporting of ADRs in a spontaneous reporting system, which amounts to up to 94% [14] . The intensity of injection site reactions can vary between mild and severe and the size of the affected area may differ. Milder cases may not have been reported. As a result of the long latency time, the association of the event with the previous injection might not be obvious. Serious ADRs must be reported by law. However, a persistent dent at the site of injection might be subjectively assessed by the attending physician. Since "injection site reaction" is a very nonspecific term and no validation of the coding was possible, ICSRs that are not related to lipodystrophy, atrophy, fat tissue necrosis may have been included in our analysis. However, 91.6% of theses ICSRs were reported as serious. Completeness of documentation of the ICSRs was not homogenous. ICSRs included in the WHO database had less information, as reflected by completeness scores. In addition, follow-up information was often lacking. Therefore, regional cases, with extensive information, causality assessment and longitudinal follow-up information were included to improve quality. In the WHO database, a causal relationship between drug and ADR could not be formally assessed, and coding or recoding could not be verified.
Conclusion
Administration site reactions during subcutaneous DMPA treatment occur frequently. The evaluation of the ICSRs in the WHO databank and regional cases demonstrate severe tissue damage at the injection site. These reactions include local lipodystrophy and persistent atrophy occurring several weeks to months after subcutaneous injection. These ADRs were recently integrated in the Swiss product information of Sayana ® . Since these adverse effects can be a substantial burden for the young patients, physicians should be aware of them and include this information into their risk-benefit assessment for individual patients. Patients should also be informed and advised about these recently labelled and potentially irreversible adverse drug reactions at the injection site.
